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© /v production in association with {W, Z}
@ Associated J/1» W and J/v Z production processes
@ Double parton scattering as a source of J/¢ W and J/v Z

© Quarkonium studies at ATLAS

© Associated production:
@ selection criteria
@ acceptance

0 Prompt J /1) in association with W= at /s = 7 TeV

e Prompt J /4 in association with Z% at /s = 8 TeV

@ Summary
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Associated J/1 {W, Z} production

provides rich observables for probing Q production mechanisms

J/4 W: a clear color octet signal?
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Associated J/1 {W, Z} production

provides rich observables for probing Q production mechanisms

C

J/4 W: a clear color octet signal?
@ but 3 EM contributions

@ & strange sea contributions

J/1 Z: color singlet at LO
@ color singlet at NLO
@ color octet at LO
@ color octet at NLO

SMLZG: octet rates larger, but note q
NLO-vs-LO & calculation scale are controversial (see GLLW)

Bruce Yabsley (ATLAS / Sydney) Associated c¢ production at ATLAS CHARM 2015/05/21 3/29



Associated J/1 {W, Z} production

provides rich observables for probing Q production mechanisms

C

J/4 W: a clear color octet signal?
@ but 3 EM contributions

@ & strange sea contributions

J/1 Z: color singlet at LO
@ color singlet at NLO
@ color octet at LO
@ color octet at NLO

SMLZG: octet rates larger, but note q
NLO-vs-LO & calculation scale are controversial (see GLLW)

J/v¢ {W, Z} final states can also probe fundamental physics:

Bruce Yabsley (ATLAS / Sydney) Associated c¢ production at ATLAS CHARM 2015/05/21 3/29



Associated J/1 {W, Z} production

provides rich observables for probing Q production mechanisms
J/4 W: a clear color octet signal?
@ but 4 EM contributions
@ & strange sea contributions
J/1 Z: color singlet at LO
@ color singlet at NLO

@ color octet at LO
@ color octet at NLO —
SMLZG: octet rates larger, but note q
NLO-vs-LO & calculation scale are controversial (see GLLW)

J/v¢ {W, Z} final states can also probe fundamental physics:
o H— 9+ {v, W, Z} measurements

Bruce Yabsley (ATLAS / Sydney) Associated c¢ production at ATLAS CHARM 2015/05/21 3/29



Associated J/1 {W, Z} production

provides rich observables for probing Q production mechanisms
J/4 W: a clear color octet signal?
@ but 4 EM contributions
@ & strange sea contributions
J/1 Z: color singlet at LO
@ color singlet at NLO

@ color octet at LO
@ color octet at NLO —
SMLZG: octet rates larger, but note q
NLO-vs-LO & calculation scale are controversial (see GLLW)

J/v¢ {W, Z} final states can also probe fundamental physics:
o H— 9+ {v, W, Z} measurements
@ BSM tests — charged Higgs, new light scalars, ...
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Associated J/1 {W, Z} production

Theoretical Aspects Quarkonium Production in Vacuum

Geoffrey Bodwin (ANL)

What do we need from experiment?

e Measurements of additional production processes
— double-charmonium production
—J/V+Z, T+ WE
- J/¢ + jet
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Double parton scattering as a source of J/¢ {W, Z}

J/Y{W,Z} can also be produced by double parton scattering.

We rely on our study of W + 2 jet production, in the usual model of DPS:
extraction of two partons from each of proton 1 and proton 2,

~DPS m
dUW+2j = 205t (s) /dxl'ld)%dxizdsz fil.h(xila X MF) fojo (X/?' Xja 5 /‘F)
€

da’h /'2—>W(X/17 Xi s S) da'j1j2—>2j(lev Xja s 5)

with factorization fij(x;, xj, ur) = fi(xi, pe)fi(xj, pr)(1 —x — x;)©(1 — x; — x;)

q v

and modelling the cf. DIRECT PRODN:
DPS sub-processes q

v

ow(s) = owl(s)
and

G2j(s) = a2i(s)
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Double parton scattering as a source of J/¢ {W, Z}

36 pb~! of \/s =7 TeV data from the 2010 run
W — ev (uv): ps > 20 GeV, |n*| < 2.47 (2.4), EX's > 25 GeV, mr > 40 GeV

two jets: (anti-k7, R = 0.4; isolation from e (u))
0 o €3 1400 [ T e e
@ 5% (8%) bkgd: subtracted 2 ATLAS . Dataysz7 Tov
<1200 I A+H+]
§2] . multljet
= Wiy
1000 . ttbar
] iz
800 ILdt=36 pb?  EEEE single top
[ Diboson
3 Ztt

+% o0
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Double parton scattering as a source of J/¢ {W, Z}

36 pb~! of \/s =7 TeV data from the 2010 run
W — ev (uv): ps > 20 GeV, |n*| < 2.47 (2.4), EX's > 25 GeV, mr > 40 GeV

two jets: (anti-k7, R = 0.4; isolation from e (u))
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. .. c F
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Double parton scattering as a source of J/¢ {W, Z}

36 pb~! of \/s =7 TeV data from the 2010 run
W — ev (uv): ps > 20 GeV, |n*| < 2.47 (2.4), EX's > 25 GeV, mr > 40 GeV

two jets: (anti-k7, R = 0.4; isolation from e (u))
0.12 e i
© 5% (8%) bkgd: subtracted L ATLAS « W data - physics BGNs=7 TeV
g o mmmpme
@ fit direct prod” and DPS S F _temma[ee{;npae
MC templates to the o 0.08—
. . c E
normalized dijet pr balance, & , .- [ Lacas o
pT1+~J2 w L
Al = 0.04
jets = 5T ]57] :
. . . 0.02]~
@ W + 0jet & low-pileup 2 jet r
samples for determination of % 01 02 03 04 05 06 07 08 09 1
ow and 02j AP

jets
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Double parton scattering as a source of J/¢ {W, Z}

36 pb~! of \/s =7 TeV data from the 2010 run
W — ev (uv): ps > 20 GeV, |n*| < 2.47 (2.4), EX's > 25 GeV, mr > 40 GeV
two jets: pr > 20 GeV, |y| < 2.8 (anti-kr, R = 0.4; isolation from e (1))

0 0 . ) E R
@ 5% (8%) bkgd: subtracted B - o rsties pocmorsgien
. . o%, 20 =  CDF(4jets)
@ fit direct prod” and DPS 18 1 ooRite
MC templates to the 16+ ATAS(Wrzjer)
normalized dijet p7 balance, igi
S = E
AP ’pTl +p72 ‘ 10(-
jets = Toa[ L 1=2] 8f
e = AT
E °
@ W +0jet & low-pileup 2 jet ‘2‘; ATLAS
samples for determination of o Y O
ow and oo 10? 10° 10*
w 2j \s [GeV]

@ 0e(7 TeV) = 15 + 3 (stat.) 73 (syst.) mb: consistent with ~ TeV meas®;

conditions comparable to associated J/i {W, Z} production
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Quarkonium studies at ATLAS: analyses

Production cross-sections:

J /4 differential, prompt & non-prompt NPB 850, 387 (2011)
T(1S) fiducial PLB 705, 9 (2011)
T(nS) differential PRD 87, 052004 (2013)
Xc1,c2 differential, prompt & non-prompt  JHEP 07 (2014) 154

¥ (2S) differential, prompt & non-prompt JHEP 09 (2014) 079

Spectroscopy:
Xbs(nP); xbs(3P) first observation PRL 108, 152001 (2012)
Xp — 77~ T(1S) search PLB 740, 199 (2015)

Associated production:
prompt J/1 in association with W=+ JHEP 04 (2014) 172
prompt J/+ in association with Z° arXiv:1412.6428 — EPJC
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Quarkonium studies at ATLAS: the detector

optimized for a range of high-pt discovery physics
in /s = 14 TeV pp collisions

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets ~ Solenoid Magnet  SCT Tracker  Pixel Detector TRT Tracker
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Quarkonium studies at ATLAS: the detector

typical quarkonium analysis: ATLAS is =~ a large {Si pixel & strip, TRT}
vertexing and tracking system, surrounded by trigger and muon ID
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Quarkonium studies at ATLAS: trigger conditions

@ onia analyses: high-p7 p, M(pp)-restricted-dimuon, ... triggers

L T T
Trigger
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Quarkonium studies at ATLAS: trigger conditions

@ onia analyses: high-p7 p, M(pp)-restricted-dimuon, ... triggers
@ typical case: increasing £ — higher-pt triggers, prescaling, ...
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Quarkonium studies at ATLAS: trigger conditions

@ onia analyses: high-p7 p, M(pp)-restricted-dimuon,
@ typical case: increasing £ — higher-pt triggers, prescaling, ...
o J/Y{W,Z}: trigger on W /Z lepton; better J/1 acceptance

Entries / 50 MeV

Bruce Yabsley (ATLAS / Sydney)

ATLAS Preliminary

T T T
Trigger
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EF_2mu4_Upsimumu
B EF_mu4mu6_Jpsimumu
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—+— EF_mu20
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Associated cc production at ATLAS
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Associated production: selection criteria

J/v — putp~ selection:
pi o n| < 2.5; pr > 3.5 (2.5) GeV for |n| < (>)1.3; within 10 mm of PV along z
P |y| < 2.1, pr > 85 GeV; > 1 pr >4 GeV muon; > 1 “combined” muon
/¢ WE: 3/ 20
o pl <30 GeV, my, € (25,35) GeV o p¥ < 100 GeV, m,, € (2.6,3.6)

@ single-muon trigger: pt > 18 GeV @ single p or e trigger: pr > 24 GeV

@ W decay muon matches trigger; @ > 1 decay ¢ must match trigger;
[n| < 2.4, pr > 25 GeV, combined w ) < 2.4 and pr > 25 GeV;
closest approach PV < 1mm in z e: “medium” ID, pr > 25 GeV

transverse dy/o(dp) < 3; isolated

w: |n] < 2.5, pr > 15 GeV, combined
@ 70 veto: W decay & OS ¢ muons

_ e: |n| < 2.47, pr > 15 GeV,
@ EMss > 20 GeV; calculation “loose” ID, isolated

includes clusters with || < 4.9 o [m(E+0-) — my| < 10 GeV

® mr > 40 Gev @ J/1 & Z° vertices < 10mm in z
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Associated production: acceptance

For a J/v of a given (|y|, pr), the acceptance A is
the probability that the muons pass the (n, pt) selection requirements.

Depends on the J/4 spin alignment: the distribution W (cos 4, ¢)

N
— (14 A\, 29
o (3+>\19)( + Ay cos

+ A, sin> ¥ cos2p + A9 Sin 29 cos ¢
z

+ )\gﬁ sin?¥sin2p + )\ip sin 29 sin )
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Associated production: acceptance

For a J/v of a given (|y|, pr), the acceptance A is
the probability that the muons pass the (n, pt) selection requirements.

Depends on the J/4 spin alignment: the distribution W (cos 4, ¢)
z

_/\/ quarkonium
X — (1 + Ay cos’ rest frame
(3 + )\19) g o+
+ Ay sin? 1 cos 2 + A9 Sin 29 cos ¢ pro;ggteion\. ™
1 .2 . 1 . .
+ Ay sin“dsin2p + Ay, sin2dsin p) ) ‘A_a y
®
For inclusive production:

reflection-odd terms unobservable (parity)
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Associated production: acceptance
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Associated production: acceptance

For a J/v of a given (|y|, pr), the acceptance A is
the probability that the muons pass the (n, pt) selection requirements.

Depends on the J/4 spin alignment: the distribution W (cos 4, ¢)
z

_/\/ quarkonium
X — (1 + Ay cos’ rest frame
(3 + )\19) o+
i Jd
. 2 g ) . C production
+ Apsin®dcos2p + Ay, sin 29 cos plane —__ ™
For inclusive production:

reflection-odd terms unobservable (parity)

o limited range of (Ay, Ay, Ag,) allowed
e LHC experiments quote results for each of a set of working points

CHARM 2015/05/21 11 / 29
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Associated production: acceptance A(|y|, pt; FLAT)

W(cos ¥, p) oc (1 + Agcos?d + A,sin® i cos2¢ + Ay, sin 20 cos @)
FLAT

_ <100 L
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Associated production: acceptance A(|y|, pr; LONG)

W(cos ¥, p) oc (1 + Agcos?d + A,sin® i cos2¢ + Ay, sin 20 cos @)
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Associated production: acceptance A(|y|, pt; T+0)

W (cos ¥, ) o< (1 + Agcos® v + A, sin 1 cos2p + A, sin 20 cos )

T+0
—100 !
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in the T rest frame
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Associated production: acceptance A(ly|, pt; T++)

W (cos ¥, ) o< (1 + Agcos® v + A, sin 1 cos2p + A, sin 20 cos )
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Associated production: acceptance A(ly|, pt; T+-)

W (cos ¥, ) o< (1 + Agcos® v + A, sin 1 cos2p + A, sin 20 cos )

(/\197 >‘§07 )‘194,0) =
(+1, -1, 0)

[GeV]

ATLAS Simulation
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6 ~ {0,180}° preferred:
one y emerges backward
in the T rest frame
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Prompt J/4 in association with W* at /s = 7 TeV

Looking at the events in dimuon invariant mass m,,,, from the vertex fit,

L-pY m
and pseudo-proper time 7 = Pr My

T
PT PT
E - ATLASNSZ7Tev, fi dt=a5M ]
I L |
£ . .. :
= ]
g 4 . . E
g .- : ;
o 3¢ . |
T r o oo ]
o lo ° o % ]
3 2:*. .« ° . oo oo E
'?-’ 1:L.. c \.. . E
E S A PR ° ]
° O‘E.':‘ ..-u.:J ..0..'.. S, * e
-1F * . E
_2:‘\“\”.‘\“\“%:

u*n” Invariant Mass [GeV]
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Prompt J/4 in association with W* at /s = 7 TeV

Looking at the events in dimuon invariant mass m,,,, from the vertex fit,

: 2'577/'} Myp T _ ¢ _ 2PV
and pseudo-proper time 7 = b where L =7Y — 7
PT PT
® 149 events: Z O atas sl lazash
78 with |y| < 1.0, e 5° . g
71 with |y| € (1.0,2.1) Eoa : E
06.)- E L] ‘ ) °
g % . ]
% 2?' o. ° .:.0" B
2 :L.. . . . \-. E
N L W
= 0‘?:‘ .o..o:‘ .'....o ..l.. e,
-1; ° ° |
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T R B R
2.6 2.8 3 3.2 34
u*n” Invariant Mass [GeV]
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Prompt J/4 in association with W* at /s = 7 TeV

Looking at the events in dimuon invariant mass m,,,, from the vertex fit,

. L- 5771-) m 7> 2PV
and pseudo-proper time 7 = R where L=7Y —F
Y ¥
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Prompt J/4 in association with W* at /s = 7 TeV
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Prompt J/4 in association with W* at /s = 7 TeV

Looking at the events in dimuon invariant mass m,,,, from the vertex fit,

LY -
and pseudo-proper time 7 = PT  Miw \here [ = 7% — 7PV
Y ¥
PT Pr
© 149 events: B L atas<slrme Lo ok’
78 with |y| < 1.0, e 5 . 7
71 with |y| € (1.0,2.1) g a . ) E
@ evident J/1 signal g 3 * . E
@ both prompt & displaced, -§ 2 " . " :::. E
for both signal & background g . ) '\'5‘
e [ A4 . ® ° ° o 1
@ approach: isolate in turn S Lt P oagads L
01;..‘0.. o d o.oo. ..' ° _
(1) prompt J /1), then 4+ . E
(2) associated W* contribution bt e
“ 26 28 3 32 34

u*n” Invariant Mass [GeV]
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Prompt J/4 in association with W* at /s = 7 TeV

Looking at the events in dimuon invariant mass m,,,, from the vertex fit,

LBy
and pseudo-proper time 7 = PT  Miw \here [ = 7% — 7PV
Y ¥
PT Pr
© 149 events: B L atas<slrme Lo ok’
78 with |y| < 1.0, e 5 . 7
71 with |y| € (1.0,2.1) g a . ) E
@ evident J/1 signal g 3 * . E
@ both prompt & displaced, -§ 2 " . " :::. E
for both signal & background g . ) '\'5‘
e [ A4 . ® ° ° o 1
@ approach: isolate in turn S Lt P oagads L
01;..‘0.. o d o.oo. ..' ° _
(1) prompt J /1), then 4+ . E
(2) associated W* contribution bt e
“ 26 28 3 32 34

@ done separately in the 2 |y| bins L
u*n” Invariant Mass [GeV]

Bruce Yabsley (ATLAS / Sydney) Associated c¢ production at ATLAS CHARM 2015/05/21 13 /29



Prompt J/4 in association with W* at /s = 7 TeV

same technique used in charmonium production measurements:
2D fit to (my,, 7) to distinguish prompt 1, non-prompt 1,
prompt bkgd, non-prompt bkgd

2
> S B s e 3 o 10% prr o e e T
[) FATLAS, Vs=7 TeV,fL dt=4.5 fb'J q Q FATLAS, Vs=7TeV,[Ldt=4.5fb" 3
G 501 ¢ pata 7 NF - Data 1
S | —Totalit 1 e [ — Total fit 1
g W+ Jhyp q o L R v W + prompt J/y

S 40- W + prompt combinatorics ] b= wn W+ non-prompt J/y
2 [ " W + non-prompt combinatorics N 2 ok = W + prompt combinatorics  _|
g L ] [iT] E = W + non-prompt combinatorics|
> r ] F .
m 30— N F 1
20; g 1 E
10% . r 1

ob i et (A 3 10" oAl F

2.6 2.8 3 3.2 3.4 - -1 0 1 2 3 4 5 6
u*u Invariant Mass [GeV] Jhp Pseudo-proper Time [ps]
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Prompt J/4 in association with W* at /s = 7 TeV

transverse mass my = \/2p‘}E$i55(1 — cos(pH — pmiss)],

to distinguish W™ signal from multi-jet bkgd events producing {y, E?iss}

° r — — — 3
;1__’ 0.051- ATLAS,\/§=7TeV,fL dt=4.51f" ]
o ]
g [ A = W template ]
t_éx 0.04j H H e multi-jets template |
C ; :
0.03- b
0.02F s
0.01- .
C: Loy :_1-‘:‘"“\ h I ]

0 50 100 150 200

W Transverse Mass [GeV]
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Prompt J/4 in association with W* at /s = 7 TeV

transverse mass my = \/2p‘}E$i55(1 — cos(pH — pmiss)],

to distinguish W™ signal from multi-jet bkgd events producing {y, E?iss}

o templates for L F . ‘f‘ T i
+. . . £ 0.05] ATLASNS=7TeV, [Ldt=451" 8
w ! MC S|mu.|at|on 3 i ]
multi-jet: non-isolated p sample & T A — W template ]
g 0.04j A B v multi-jets template ™|
s I " 5
0.03F -
0.02F s
0.01F .
C: Lo :_1-‘:‘"“\ h [ 1

0 50 100 150 200

W Transverse Mass [GeV]
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Prompt J/4 in association with W* at /s = 7 TeV

transverse mass my = \/2p‘}E$i55(1 — cos(pH — pmiss)],

to distinguish W™ signal from multi-jet bkgd events producing {y, E?iss}

30—
° ter‘iplates for > [ ATLAS, s=7TeV,fL‘dt=4,5fb"‘ ]
W=: MC simulation g 251 W-+multi-jets hypothesis {
multi-jet: non-isolated p sample > ¢ - W+ prompt Jfy data
. . - 20; = Total fit 1
o my dist”, Plot-weighted § A W| ]
e . Ll N L multi-jets ]
(glorified bkgd-subtraction) 5 15- .
. . L F ]
to pick out the signal, and ... S : 1
(] C 3
= ]
51 .
0 —t
] P Y T B P Y L

0 50 100 150 200

W Transverse Mass [GeV]
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Prompt J/4 in association with W* at /s = 7 TeV

transverse mass my = \/2p‘}E$i55(1 — cos(pH — pmiss)],
to distinguish W= signal from multi-jet bkgd events producing {yu, Eiss}

30,
° ter‘iplates f_or . > [ ATLAS, s—7TerL‘dt—4,5fb"‘
: MC simulation g 25— W-+multi-jets hypothesis ]
multi-jet: non-isolated p sample > ¢ 4= W+ prompt.Jhy data 3
. . £ 20 = Total fit N
e mr dist”, sPlot-weighted S W
. . w I . multi-jets
(glorified bkgd-subtraction) 7 15 .
to pick out the signal, and ... £ :
() C ]
o a fit; W dominates, = L
W: 29. 2+6 5 events 5 E
multijets: 0.1 4.6 ) — e —+
0, v b e b b 0 g
< 0.31 at 95% cred. 0 50 TR Y- a—

W Transverse Mass [GeV]
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Prompt J/4 in association with W* at /s = 7 TeV

transverse mass my = \/2p‘}E$i55(1 — cos(pH — pmiss)],
to distinguish W= signal from multi-jet bkgd events producing {yu, Eiss}

30—
° ter‘iplates f_or . > [ ATLAS, s—7TerL‘dt—4,5fb"‘
: MC simulation g 25— W-+multi-jets hypothesis ]
multi-jet: non-isolated p sample > ¢ 4= W+ prompt.Jhy data 3
. . £ 20 = Total fit N
e mr dist”, sPlot-weighted S W
o . ¥T} r | multi-jets
(glorified bkgd-subtraction) 7 15 .
to pick out the signal, and ... £ :
() C ]
o a fit; W dominates, = L
W: 29. 2+6 5 events S E
multijets: 0.1 4.6 ) — e —+
0, v b e b b 0 g
< 0.31 at 95% cred. 0 50 TR Y- a—
o cf. pileup: 1.8 + 0.2 events W Transverse Mass [GeV]

estimated from W-inclusive, £, Az, measured oy,
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Prompt J/4 in association with W* at /s = 7 TeV

azimuthal angle difference between W= and J/v ( sPlot-weighted),
to distinguish DPS (assumed ~ flat in A¢) from direct production
) e I

ATLASNs=7TeV, f Ldt=45fb"

-¢- W + prompt JAp data
Estimated DPS contribution
DPS uncertainty

15

Events /0.5

10

0 o5 1 15 2 25 3
AG(W,Jhyp)
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Prompt J/4 in association with W* at /s = 7 TeV

azimuthal angle difference between W= and J/v ( sPlot-weighted),
to distinguish DPS (assumed ~ flat in A¢) from direct production
) e I

@ DPS rate: estimated from

ATLASNs=7TeV, f Ldt=45fb"

-¢- W + prompt JAp data
Estimated DPS contribution
DPS uncertainty

15

Events /0.5

10

ZZzzzz2244244444004

0 05 1 15 2 25 3
AG(W,Jhyp)
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Prompt J/4 in association with W* at /s = 7 TeV

azimuthal angle difference between W= and J/v ( sPlot-weighted),
to distinguish DPS (assumed ~ flat in A¢) from direct production

oDPSratees‘Umatedfrom g207\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\\
o DPS ansatz Py = 0y /et % [ ATLASNs=7TeV,[Ldt=451b"
€ r - W + prompt Jhp data
o 15 17 Estimated DPS contribution
L [ [Z1DPS uncertainty
100
[ ,
ST

\Hw\HHMu‘w\uu\uu\uu\:‘

0 05 1 15 2 25 3
AG(W,Jhyp)
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Prompt J/4 in association with W* at /s = 7 TeV

azimuthal angle difference between W= and J/v ( sPlot-weighted),
to distinguish DPS (assumed ~ flat in A¢) from direct production

) DPS rate: est|mated from g 207\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ T
o DPS ansatz Py = 0y /et % [ ATLASNs=7TeV,[Ldt=451b"
€ r - W + prompt Jhp data
o ATLAS Oeff = 15 + 3tg mb °>-) 15 17 Estimated DPS contribution
L [ DPS uncertainty
10F
[ .
5 1
0 s
}‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\“
0 0.5 1 15 2 25 3

AP(W,Jhyp)
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Prompt J/4 in association with W* at /s = 7 TeV

azimuthal angle difference between W= and J/v ( sPlot-weighted),
to distinguish DPS (assumed ~ flat in A¢) from direct production

oDPSratees‘Umatedfrom g207\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\\
o DPS ansatz Py = 0y /et % [ ATLASNs=7TeV,[Ldt=451b"
+5 € r - W + prompt Jhp data
o ATLAS Oeff = 15 + 373 mb °>-) 15 17 Estimated DPS contribution
L [ [Z1DPS uncertainty
— 10.8 4.2 events, i
< 40% of the sample 10
— o

//////////////////////////////////%

el b by | \\‘\“

1 15 2 25 3
AD(W,JNp)
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Prompt J/4 in association with W* at /s = 7 TeV

azimuthal angle difference between W= and J/v ( sPlot-weighted),
to distinguish DPS (assumed ~ flat in A¢) from direct production

@ DPS rate: estimated from o 20
o DPS ansatz 'DlllIW — Uzp/oeff E [ ATLASNs=7TeV, [Ldt =45 fo”
o ATLAS o =15+3%5mb & 15 Evgsn?,”;‘;é,é’;f“.b.
5 10.8 = 4.2 events, - '
< 40% of the sample 10f
@ DPS shape validated* w Pythia 8 L

//////////////////////////////////%

el b by | \\‘\“

1 15 2 25 3
AD(W,JNp)
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Prompt J/4 in association with W* at /s = 7 TeV

azimuthal angle difference between W= and J/v ( sPlot-weighted),
to distinguish DPS (assumed ~ flat in A¢) from direct production

@ DPS rate: estimated from g 20T T
o DPS ansatz 'DlllIW — Uzp/oeff E r ATLAS,\JE:7TeV,det=4.5fb"
o ATLAS o =15+3%5mb & 15 EVF}S”?,”;‘;E,JP’;;‘“W
— 10.8 = 4.2 events, :
< 40% of the sample 10
@ DPS shape validated* w Pythia 8 L
o direct CS, CO: peaked A¢p — 7 ]

//////////////////////////////////%

el b by | \\‘\“

1 15 2 25 3
AD(W,JNp)
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Prompt J/4 in association with W* at /s = 7 TeV

azimuthal angle difference between W= and J/v ( sPlot-weighted),
to distinguish DPS (assumed ~ flat in A¢) from direct production
@ DPS rate: estimated from

g 20T T
o
o DPS ansatz PwIW = 0y /0cff % | ATLASNs=7TeV,[Ldt=4510"
+5 < r - W + prompt Jhp data
o ATLAS Oeff = 15 + 373 mb “>-) 15 17 Estimated DPS contribution
L [ [Z1DPS uncertainty
— 10.8 4.2 events, i
< 40% of the sample 10
@ DPS shape validated* w Pythia 8 -
o direct CS, CO: peaked A¢p — 7

No fit here; my paraphrase: e e 1]

1 15 2 25 3

to the extent that we can t(ust. AGW. )
the DPS rate, and the qualitative

results on shape, we have evidence for (direct) associated J /¢ W
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Prompt J/4 in association with W* at /s = 7 TeV

Results as ratios w.r.to inclusive W prod” (measured without J/v cuts):
1.48 x 107 events, consistent w NNLO pQCD

-6
3 x10

3 ¥ .
5 t  pp—> promptJAp + W : pp— W B
g %‘2 5" ATLAS, (5=7TeV, [Ldt=451b" 1
\5/ C 0<Iywl<2.1, 85< P < 30 GeV ]
© C =#- Data ]
< ol Spin-alignment uncertainty |
e LO CS including 7 feeddown B
] r [l NLO CO prediction ]
X r ]
1.5 .
= 19 ]
= t ]
i [ RN BTTRTHRN ]
> 1 ESSE SRS .
< [ ]
2 L i

-
an C ]
m o5 + 3

Fiducial Inclusive DPS-subtracted
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Prompt J/4 in association with W* at /s = 7 TeV

Results as ratios w.r.to inclusive W prod” (measured without J/v cuts):
1.48 x 107 events, consistent w NNLO pQCD

fid. 15 - . . . — 3 x10°®
@ R"“: limited to fiducial region = E pp promptJip + W : pp— W 1
= ]
% %2 5 ATLAS, .’E=7Tev,fL dt=45fb" B
\5/ 0<Iywl<2.1, 85<p_,, <30GeV ]
© -# Data ]
[ 2 Spin-alignment uncertainty J
A S LO CS including y feeddown -
[} NLO CO prediction ]

BR(J/p—up) x

|

Fiducial Inclusive DPS-subtracted
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Prompt J/4 in association with W* at /s = 7 TeV

Results as ratios w.r.to inclusive W prod” (measured without J/v cuts):
1.48 x 107 events, consistent w NNLO pQCD

fid. 15: . . . — 3"10-6
e R"%: limited to fiducial region z E pps prompt Jip + W : pp— W 1
d Iz s, s ]
. . ATLAS, (5=7TeV, (Ldt=45fb" ]
o 1~ differences, associated vs =[%25 fe=7Tev fLat= a5t h
) PT . 0 \5/ 0<IthVI<2.1,B,5<pT sy <30 GeV ]
inclusive J/¢? < 1% effect 3 -+ Data ]
= 2 Spin-alignment uncertainty _
A S LO CS including y feeddown -
) NLO CO prediction ]

BR(J/p—up) x

|

Fiducial Inclusive DPS-subtracted
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Prompt J/4 in association with W* at /s = 7 TeV

Results as ratios w.r.to inclusive W prod” (measured without J/v cuts):
1.48 x 107 events, consistent w NNLO pQCD

the full ) decay parameter space

o Rfid: limited to fiducial region E 3X10_6 ]
) g }%-3- pp— prompt JAp + W : pp— W B

. . + (> - =45 ]

° dd—" differences, associated vs 2B ATASfoTTV fLot-ast i
A PT 3 0 \5/ 0<IthVI<2.1,B,5<pT wy <30GeV ]
inclusive J/¢? < 1% effect 3 -+ Data ]

. g 2 Spin-ali.gnme!n uncertainty |

e R" “inclusive’: corrected to I N0 GO iien oo 1

BR(J/p—up) x

|

Fiducial Inclusive DPS-subtracted
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Prompt J/4 in association with W* at /s = 7 TeV

Results as ratios w.r.to inclusive W prod” (measured without J/v cuts):
1.48 x 107 events, consistent w NNLO pQCD

e R" “inclusive’: corrected to
the full ) decay parameter space

NLO CO prediction

o Rfid: limited to fiducial region 5 ¥C ]
. g }9)' pp— prompt JAp + W : pp— W B

. . + (> - =45 ]

° dd—" differences, associated vs 2Tl ATHAS mTTev fLamas a
A PT 3 0 \5/ 0<IthVI<2.1,B,5<pT wy <30GeV ]
inclusive J/¢? < 1% effect 3 -+ Data ]
< 2 Spin-alignment uncertainty |

A ; O CS including ¥, feeddown -

@ spin-alignment uncertainty
introduced at this step:
size = other uncertainties

BR(J/p—up) x

|

Fiducial Inclusive DPS-subtracted
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Prompt J/4 in association with W* at /s = 7 TeV

Results as ratios w.r.to inclusive W prod” (measured without J/v cuts):
1.48 x 107 events, consistent w NNLO pQCD

e R" “inclusive’: corrected to
the full ) decay parameter space

NLO CO prediction

o Rfid: limited to fiducial region 5 ¥C ]
. g }9)' pp— prompt JAp + W : pp— W B

. . + (> - =45 ]

° dd—" differences, associated vs 2Tl ATHAS mTTev fLamas a
A PT 3 0 \5/ 0<IthVI<2.1,B,5<pT wy <30GeV ]
inclusive J/¢? < 1% effect 3 -+ Data ]
< 2 Spin-alignment uncertainty |

A ; O CS including ¥, feeddown -

@ spin-alignment uncertainty
introduced at this step:
size = other uncertainties

BR(J/p—up) x

|

(pileup subtracted from both)

Fiducial Inclusive DPS-subtracted
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Prompt J/4 in association with W* at /s = 7 TeV

Results as ratios w.r.to inclusive W prod” (measured without J/v cuts):

1.48 x 107 events, consistent w NNLO pQCD
3x10°

fid. .. . . . —_
e R"%: limited to fiducial region 5 E pps prompt Jip + W : pp— W 1
7 E . st 1
o 42 differences, associated vs 2B ATASfoTTV fLot-ast a
dpr [ ]
\5/ r 0<IthVI<2.1,B,5<pT sy <30 GeV ]
inclusive J/¢?7 < 1% effect s e pae 1
| - g 27 NN fglrégllgnlmzm uncfen::jnly |
e R “inclusive": corrected to T F =NLOCCI;‘;rL:aI'ngxee o ]
the full 1) decay parameter space X 1.5 B
@ spin-alignment uncertainty g b 1

introduced at this step: S ‘
size =~ other uncertainties o 05 —f— 1

o (pileup subtracted from both) r

@ DPS-subtracted cf. theory: Fiducial Inclusive DPS-subtracted

R = (78 £32+22731) x 1078| 10-32in LO CS: PLB 726, 218 (2013)
5-6 in NLO CO: PRD 83, 014001 (2011)
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Prompt J/4 in association with W* at /s = 7 TeV

results in pff-’ bins: DPS ansatz d&g{jvs o L~ [d*{x} f - fdéy, dow

(reff(s)

gives the pr dependence

as well as the rate for DPS | pp—> prompt Jip + W : pp— W

6 ATLAS, (s=7TeV, [Ldt=45fb"
10°E I

—4— Data

Spin-alignment uncertainty
Estimated DPS contribution
DPS uncertainty

) [1/GeV]

T

PPo(W+Jhp
dy dp.
3

1

a(W)

-
QS
©

7 7000000000000
770555550505
770 )

10 15 20 25 30
Jp Transverse Momentum [GeV]

BR(JAp—up) x
3
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Prompt J/4 in association with W* at /s = 7 TeV

results in pff-’ bins: DPS ansatz dogl'jvs x [d*{x}f-fdéydéw

Ueff S )

gives the pr dependence
as well as the rate for DPS

| pp—> prompt Jip + W : pp— W
1 0_6 | ATLAS {s=7TeV, f L dt=45fo’

—4— Data

Spin-alignment uncertainty
Estimated DPS contribution
DPS uncertainty

another qualitative statement:
the excess at high pr
provides further warrant
(independent of A¢) of

a non-DPS-like component

) [1/GeV]

T

PPo(W+Jhp
dy dp.
3

1

a(W)

-
QS
©

0000000000000
Tz
)

10 15 20 25 30
Jp Transverse Momentum [GeV]

BR(JAp—up) x
3

Bruce Yabsley (ATLAS / Sydney) Associated c¢ production at ATLAS CHARM 2015/05/21 18 / 29



Prompt J/4 in association with W* at /s = 7 TeV

results in pff-’ bins: DPS ansatz dagl'jvs x [d*{x}f-fdéydéw

(fff S)

gives the pr dependence

as well as the rate for DPS | pp—> prompt Jip + W : pp— W

6 ATLAS, (s=7TeV, [Ldt=45fb"
10°E I

—4— Data

Spin-alignment uncertainty
Estimated DPS contribution
DPS uncertainty

another qualitative statement:
the excess at high pr
provides further warrant

) [1/GeV]

T

PPo(W+Jhp
dy dp.

_7 B
(independent of A¢) of 10
a non-DPS-like component s ]
the spin-alignment uncert” \610-8 \\\\\\\\\\\\\\\\\\\\\\\\\\\ |

also falls as a function of pr

7 7000500000000
Tz
)

10 15 20 25 30
Jp Transverse Momentum [GeV]

BR(JAp—up) x
3
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Prompt J/4 in association with W* at /s = 7 TeV

results in p¥ bins: DPS ansatz d6DYy oc L [d*{x} f - f by, dow

(reff(s)

gives the pr dependence

as well as the rate for DPS % | pp— prompt JAp + W : pp— W ]
. . Q 1 0.65 ATLAS, (s =7 TeV, fL dt=4.51fb"
another qualitative statement: ha 8 4 Duta

Spin-alignment uncertainty
Estimated DPS contribution
DPS uncertainty

the excess at high pr
provides further warrant

T

dPo(W+Jhyp)
dy dp

-7 |
(independent of A¢) of 0
a non-DPS-like component s ]
the spin-alignment uncert” x\510-8;
also falls as a function of pr = g
) B
T o
we see J/1» W production, < 109
consistent with expected DPS i 10 15 20 25 30

contribution + associated
prod” at a higher rate than th”

Jp Transverse Momentum [GeV]
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Prompt J /) in association with Z° at \/s = 8 TeV

2012 sample: 20.3fb~! — 290 events, 139 Uup Ly + 151 Yy, Zee

signal evident in (m,,, mz) prompt & non-prompt in T
%!1155ru|uu|uu|nr.u|ru||rvu|uu|u£|nl\i;‘l-|u.; g 5:"'|""|llll|llll|lru|lrrr|rrrn|nnnzr|nFlLlr|...:
110Fo ° ° °Z- E [ ATLAS °Z- 1
% 050 . . oZ-ee ] g - (s=8 TeV, 20.3fb* oZ-ee ]
@ 105 ATEAS 1 . ER . ]
Q@ TUOF(s=8TeV, 2038, o, E s O f ]
£ 10057 . ERE - . E
< E E =1 L o ]
= 95F,° o * e 3 S oF B
g FS Rt % &8 ° 4 S C . ]
2 gof—f)O.g".‘g 305 6% 200 ool = 1
N E &°%, o% o7 a2 1 1
85 ¢ e o 4 S0 % ]
ESy---® S ] S5 [ee ]
80+, e 0% =
= o ® E Foo p
75 o ., - ]
Eo. °° o® (: ° E '1,- ]
TOE s L LR WP TP S TP TP OO AP POPR T
2.6 2.8 3 3.2 3.4 3.6 2.6 2.8 3 .3.2 3.4 3.6
J/P invariant mass [GeV] J/Y invariant mass [GeV]
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Prompt J /) in association with Z° at \/s = 8 TeV

2D fit to (my,, 7) to distinguish prompt ), non-prompt 1,
prompt bkgd, non-prompt bkgd

fitted simultaneously w 10% inclusive 1) — uu events w same selection
to determine parameters (cf. G-constraint method used for ¢ W)

> 8ol £ 3102E""""""""""""'""""""""""'E
8 ATLAS — DartaI 1 0 r § ATLAS Vs=8 TeV 20.3fb™ ]
_ -1 — Total 1 o L ]
8 70 /s=8 TeV, 20.3 fb Prompt signal 1 o - i $$; 1
o £ - Non-prompt signal =~ o .

; 60F i Total background _: % ______ ;;T;frt;ln%rzllgnal
e ] “>-‘ 1000 pMT Total background 3
0 50 = w E E
L ] F 1
40 3 [ ]
30 _E 1F =
20| = F 1
10 = I ]

b c i s,

ar g A lO:IIu.qul.uiluul.n.luulu’hl...Iunl
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Prompt J /) in association with Z° at \/s = 8 TeV

change mt — myz
provides extra power;
@ MC signal template
@ multi-jet bkgd from
data, inverting /¢
isolation requirements
@ of 56 £+ 10 prompt :
Ot+4dee, 1+4pupu
background events
@ 95+ 12 non-prompt ¢
14+5ee, 05 pup
background events

Bruce Yabsley (ATLAS / Sydney)

Events / 4 GeV

Events / 4 GeV

20prrrrrprrrr T > 20prrrerprrrTpr T
ATLAS Z + prompt J/y [C] ATLAS Z + prompt Iy
1s=8Tev,203f0* [ <paa hy 1s=8 TeV, 203 fb* -+ Data

15k A ET —rempiaerc ]

- = Signal template £ - « Signal template
— Background template g — Background template
w
10F 1 10] 1
5 5 1
0] = : 0 :
b 1 Licl 1 1 Licl 1 1 [T | 1 Lical 1
0 75 80 85 90 95 100 105110 70 75 80 85 90 95 100105110
Z - e'e invariant mass [GeV] Z - p*W invariant mass [GeV]

30E™T T T T T T T ™ > T T T T T T T T

ATLAS z+ G 25F 3
non-prompt J/y ped ATLAS Z + non-prompt J/y
25} (5= 4 E N
(5=8TeV. 20307 AL 4-outa 3 20k f5=8Tev, 20317 [| 40w
- Template fit b - Template fit
20F - =signal template ] o = = Signal template
== Background template, w

oo inyariant ma c\/]
Associated cc production at ATLAS

15¢

10}

== Background template-
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b
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Prompt J /) in association with Z° at \/s = 8 TeV

Analogous calculations for

pileup: 5.2718 events 2.7702 events
DPS calculation 11.1J_rg:g events 5.83:2 events
& 35 ] & O T
B ATLAS ] B [ ATLAS ]
< 3of (s=8Tev,203fb" . < gof (s=8Tev,2031b* =
i} pp— prompt J/y + Z ] i [ pp- non-promptJ/y +Z ]
c g c - 3
[ —¢$— Data = [ [ —+ Data 1
Lﬁ 25 [] Double Parton Scattering 1 Li 50: ] Double Parton Scattering 1
[ Pileup ] [ [ Pileup ]
20 Pileup and DPS Uncertainty E 40:_ Pileup and DPS Uncertainty E
15 3 30F ]
10 3 20F ]
> A 10 3 } [ ] E
e T T g ]
CO 0.5 1 1.5 2 25 3 GO 0.5 1 1.5 2 2.5 3
AYZ,IIp) AYZ,I/p)
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Prompt J /) in association with Z° at \/s = 8 TeV

Again: fiducial, inclusive (w spin-alignment uncert.), and DPS-subtracted
cross-section ratios; exceeds theory estimates at both

LO: JHEP 03 (2013) 115; note disagreements with
NLO: JHEP 02 (2011) 071; erratum ibid. 12 (2012) 010

= 5 x10® = 5 x10®
> FATLAS, (s=8 TeV, 20.3fb™* E = F ATLAS, {s=8 TeV, 20.3fb™ E
S E B 5 E B
’t %*4'5? pp - prompt JY+Z :pp - Z E ’t %‘4'5? pp - non-prompt J/Y+Z : pp - Z E
B 45 Iy, l<21,85< pi“" <100 GeV e i<t 4= Iy, l<21,85< pi’* <100 GeV E
© E | © £ |
— f —4— Data = —~ = + =
N 3.50 Spin-alignment uncertainty 1 N 3.50 Da_ta ) ) 1
[S) 3- v NLONRQCDCS 1 [S) 3t Spin-alignment uncertainty 1
X E @ NLONRQCDCO 1 x E 1
S 2.5C O NLONRQCD CO+CS E I 25F E
3T- E %= LOCSM 3 :Ti- £ )
> & E > 2 E
S 150 5 3 ® 1 5;—{—< E
@ ok ? ; @ vF ]
Y 4 . Tk : 1 E
0.5 LO; NLO Oi 0.5 E
G: leiv ® 0: ]
Fiducial Inclusive DPS-subtracted Fiducial Inclusive DPS-subtracted
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Prompt J /) in association with Z° at \/s = 8 TeV

As pT increases, the data excess over color singlet 4+ octet + DPS grows,
and the spin-alignment uncertainty becomes negligible

BT . . . 3 — . . . 3
§ E ATLAS, (s=8 TeV, 20.3fb™ 3 g ATLAS, (s=8 TeV, 20.3fb™* 3
= 10-6; pp - prompt J/Y+Z :pp - Z ,; = 10° PP~ non-prompt J/Y+Z : pp - Z ,;

- U - ~+ ous :

=iy B3 o eeieatameen. | 2le” —— 2 spinaligment uncer. |

N 210 7 I NLO NRQCD CO E N 210 7 R »—}—0—;—. DPS uncert |

o° EE 53:2 NROCD €S o° E [ Estimated DPS contrib. 3

© — 87 \\\\\ [ Estimated DPS contrib. © g 87 ~

N L N L -
'-'5«10 E HB,lO EANS E
= ol ~ F ——
% 10% 2 10°¢ 3
> E z £ ]
ST 310l ]
al0E &101F
10" DD, 101 E
Bl Bl . . L =

10 20 30 4050 107 10 20 30 4050 = 107
pY [GeV] P [GeV]
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@ ATLAS has measured associated J/i» W and J/v¢ Z production

@ in both cases, we find clean samples,
for both prompt and non-prompt J/4

@ the double parton scattering (DPS) contribution is estimated using
the standard ansatz, and our e measurement at /s =7 TeV

@ we see evidence for associated production,
both in overall rates and in its pt spectrum

@ the rates are in excess over available theoretical predictions

e this is an ideal ATLAS/CMS measurement,
robust against high rates & thresholds
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BACKUP: acceptance for V — putp~

for a given (|y|, p7).

A is the probability that
both muons fall within
the fiducial volume:

f
‘ l
l
i
i
h
[
‘
I
I
|
o
(o)
Acceptance

o p >4 GeV 0.6

e |t <23 '
4 GeV trigger thresholds 0.4
— pronounced structure

0.2

straightforward extension
torTr T p and || N R 0
more complex final states 0 0.5 1 1.5 2

Y(18) lyl
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BACKUP: polarization for V — pu*p~

for (JPC =177) |V) = by1 |+ 1)+ b_1| — 1) + b |0) decaying — £+,

e the angular distribution W/(cosd, ¢) “a
N v
x ————— (1 + Agcos® ¥
Brag) LT
+ A sin? 1 cos2p + Ay Sin 210 cos ¢ i) f | Lizm) 2

rest frame

+ )\f; sin29sin2p + /\fg]p sin 29 sin )
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BACKUP: polarization for V — pu*p~

for (JPC =177) |V) = by1 |+ 1)+ b_1| — 1) + b |0) decaying — £+,

e the angular distribution W/(cosd, ¢)

quarkonium
t frame
N , res
o ——— (1 + Aycos“ ¥
(3 + >\19) ( v production \19\
plane \

+ Ay sin? 1 cos2p + A9y sin 20 cos @
+ )\f; sin29sin2p + /\fg]p sin 29 sin )

e inclusive production: p1, p2, and V only;
we (~ must) choose (x, z) : production plane

z

X ‘K—%

®

€+
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BACKUP: polarization for V — pu*p~

for (JPC =177) |V) = by1 |+ 1)+ b_1| — 1) + b |0) decaying — £+,

e the angular distribution W/(cosd, ¢) quarkonium z
t frame
N ) res .
X —— (1 + Aycos“ ¥ {
(3 + >\19) ( v production \19\
plane \
+ Ay sin? 1 cos2p + A9y sin 20 cos @
12 g I . X ‘K‘* y
+ Ay sin“dsin2p + Ag, sin 29 sin p) 2

e inclusive production: p1, p2, and V only;
we (~ must) choose (x, z) : production plane

e reflection-odd terms unobservable (parity)
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BACKUP: polarization for V — pu*p~

for (JPC =177) |V) = by1 |+ 1)+ b_1| — 1) + b |0) decaying — £+,

e the angular distribution W/(cosd, ¢) quarkonium z
t frame
N ) res .
X —— (L + Aycos“ ¥ 4
(3 + >\19) ( v production \19\

plane \

+ Ay sin? 1 cos2p + A9y sin 20 cos @
) X 4/(/)\_’% y

+

e inclusive production: p1, p2, and V only;
we (~ must) choose (x, z) : production plane

e reflection-odd terms unobservable (parity)
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BACKUP: polarization for V — pu*p~

for (JPC =177) |V) = by1 |+ 1)+ b_1| — 1) + b |0) decaying — £+,

e the angular distribution W/(cosd, ¢) quarkonium z
t frame
N ) res .
X —— (L + Aycos“ ¥ 4
(3 + >\19) ( v production \19\

plane \

+ Ay sin? 1 cos2p + A9y sin 20 cos @
) X 4/(/)\_’% y

+

e inclusive production: p1, p2, and V only;
we (~ must) choose (x, z) : production plane

e reflection-odd terms unobservable (parity)

o full angular distributions (Ay, A,. A\y.) in general needed . ..
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BACKUP: polarization for V — pu*p~

transversely

@ L: polarized o
longitudinally
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BACKUP: polarization for V — pu*p~

transversely

o L: polarized o
longitudinally

@ R: meas' frame rotated by 90°

Bruce Yabsley (ATLAS / Sydney) Associated c¢ production at ATLAS CHARM 2015/05/21 28 /29



BACKUP: polarization for V — pu*p~

a) V c) z
transversel
o L: polarized o Y
longitudinally
@ R: meas' frame rotated by 90° |

@ integration over azimuth ¢ —

b)

x
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BACKUP: polarization for V — pu*p~

a) z c) 4
. transversely I m==1
@ L: polarized o
longitudinally

e o
@ R: meas’ frame rotated by 90° . e &

@ integration over azimuth ¢ — y ‘ '
longitudinal dist” (d) looks like
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BACKUP: polarization for V — pu*p~

a) z c) 4
. transversely I m==1
@ L: polarized o
longitudinally

e o
@ R: meas’ frame rotated by 90° . e &

@ integration over azimuth ¢ — | y ‘ '
longitudinal dist” (d) looks like

transverse dist" (a) b)

x
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BACKUP: polarization for V — pu*p~

transversely

L: polarized o
longitudinally

R: meas! frame rotated by 90°

@ integration over azimuth ¢ —
longitudinal dist” (d) looks like
transverse dist" (a)

@ )\y-only measurements
(a la TeVatron Run 1)
can't be compared without
assumptions about pol” frame
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BACKUP: polarization for V — pu*p~

transversely

L: polarized o
longitudinally

R: meas’ frame rotated by 90° .

@ integration over azimuth ¢ —

longitudinal dist” (d) looks like
transverse dist" (a) b)

Ag-only measurements

(a la TeVatron Run 1)

can't be compared without 4
assumptions about pol” frame

experimental acceptance is also
typically a f7 of (Mg, Ay, Ayy)

V o c) ‘z
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BACKUP: polarization for V — pu*p~

@ limited range of (Ay, Ay, Ag,) values allowed

.
Lambda_phi ’
1 l 9 oLy
s /
&

i

4

y
. a
Lambda_thet:
S~ .0
- . - N B N
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BACKUP: polarization for V — pu*p~

o limited range of (Ag, Ay, Agy) values allowed
o LHC experiments quote results for each of a set of working points

.
$Lambda_phi . . )\ 1 1
1
s

a
Lambda_thet:
! I--
x 1
-1 -0.5 0

o ATLAS cms )‘9
® - LHCb ALICE
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